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1. Introduction
Boru-Doddota Spate Irrigation Project is located in Arsi zone; Dodota and Lode-Hetosa districts; specifically in 7 peasant associations where rainfall is highly erratic in nature and has become the major problem for agricultural activities. During most years, crops in the area experience reduced yields or quality because of water stress from insufficient soil moisture. With low crop returns even in good years and the likelihood of occasional crop failures, rain-fed agriculture provides a precarious living.  

Boru-Dodota Spate Irrigation project was identified in view of food insecurity alleviation and poverty reduction strategy in the area. Since January 2007 the project construction has been undergoing by Oromia Water Works Construction Enterprise. Meanwhile, the scheme has been made to serve some areas of its proposed command, through its 5th branch canal and some drains crossing the main canal
Irrigation, applying water to assure sufficient soil moisture is available for good crop growth, as practiced in ‘Boru-Doddota’ is called Spate irrigation because it is used to supplement the rainfall that occurs during the growing season.

The timing and amount of rainfall during the season, the soil’s ability to hold water and the crop’s water requirements are all factors which influence the need for irrigation. Under irrigation, soil, water and crop compatibility is very important. Therefore, improving spate irrigation performance requires a thorough assessment of soil physical properties, topography of the land within the field, crop production and others. 
2. Objective

· Assessing existing on farm irrigation system and suggest proper practical information; so as to improve on farm irrigation water management of Boru-Doddota Spate Irrigation scheme.
3. Methodology

The observation employed rapid-assessment techniques to look at water management system with in the scheme. Parameters observed include rainfall and irrigation events, soil moisture change, soil physical properties, yield component of irrigated and non-irrigated field  and farmers’ organisation status. 
· Field data collection
· Field visit
· Farmers’ interview

3.1 Rain fall

Very few rainfall events were occurred during growing period of 1999/2000 crop calendar. In the previous main wet season (July to September 2007) the irrigated area received only 2-3 days rainfall per each month (Table 1). Since there is no rainfall recording instrument or weather station in the command area, amount of rain in the season could not be obtained.   

3.2 Irrigation and soil moisture change

Irrigation water distribution was started in late July (21st July EC). There after, over 280 hectares of cropped land were receiving water 5 to 9 times in few days to three weeks interval (Table 1). Amount of water applied to the field was not monitored due to lack of flow measuring equipment at field inlet. 
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Figure 1  Flood irrigation of field crops
The soil moisture stored at the top 40 cm of three major crops (each having irrigated and non-irrigated plots) was measured with the help of profile probe at every week interval. Changes in soil moisture content ((S) for each plot were calculated for every measurement period (Table---).

3.3 Soil physical properties in the irrigated area

The soil properties like, texture, field capacity, permanent wilting point, bulk density and infiltration rate play important role in irrigation management. The above soil parameters of irrigated area were determined both at laboratory and field levels. For laboratory analysis, soil samples were taken from six points from top 60 cm at 20 cm interval (0-20, 20-40 and, 40-60 cm) 
The result obtained revealed that the soil around irrigated area is silty Clay Loam texture (17.1% sand, 39.9% clay and 43.0% clay). The average bulk density of the top 60 cm soil depth is 1.26 gm/ cm3. The PH value around sampled area is 7.64.
3.3.1 Soil texture
Soil texture is determined by the size and type of solid particles that make up the soil.  Soil samples were taken from six points from top 60 cm at 20 cm interval (0-20, 20-40 and, 40-60 cm) and analysed with hydrometry method. The result obtained revealed that the soil around irrigated area is silty Clay Loam texture. (Table ------)
3.3.2 Soil Water holding capacity
Field capacity (FC) and Permanent Wilting Point (PWP) in %volume were determined with the help of _________ program which uses the above soil texture data.

According to the analysis, FC and PWP were _____ and ______%Vol respectively. FC and PWP were used for the calculation of total available water in the crop root zone using the following Equation. 
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   Where, TAW   =    Total available water (cm),

                   Drz    =    Depth of root zone (cm),

                  FC       =    Field capacity (%Volume), and

                 PWP   =   Permanent wilting point (% Volume)
The total available water (TAW) again was used to determine the recommended optimum depletion level for each major crop’s effective root zone, which in turn can indicate the depletion time and amount of irrigation. 
3.3.3 Bulk Density
The average bulk density of the experimental plots was found to be 1.246 gm/cm3.

3.3.4 Soil PH

PH is one of soil chemistry measurements which are used to classify soils as saline, sodic or saline-sodic. The PH value around sampled area is 7.64.
3.3.5 Infiltration rate
Infiltration is the downward flow of water from the surface through the soil. Infiltration rate (sometimes called intake rate) of a soil is a measure of its ability to absorb an amount of rain or irrigation water over a given time period. The timing and quantity of water application are considered normally based on soil infiltration rate. The infiltration rate is 33.33 mm/hr (Brehanu and Girma infiltration test report).
3.4 Topography and Field Water Distribution System
The topographic Reilif (difference in height between the hills and depression in the fields) and slope will have influence on the type of irrigation system, water conveyance, soil drainage, soil erosion and farming operation (use of machinery).
Flat landscape is the major portion (about 75%) of the whole land forms in the command area (Project document). Considering field-to-field irrigation system OIDA experts have conducted trial bunds on some 120 ha of irrigated land. Bunds were constructed mainly to pond the water for little a while to infiltrate into the soil and stored. All the flow in a field canal is diverted to a group of bunded fields. After the water reaches appropriate level in upstream plot, it is released to the next plot. The process is continued until all the plots under the field canal are irrigated.    
However, it was observed that the objective was not satisfactorily met. Because farmers do not have experience of using earthen bunds to manage spate flows. And they insist to distribute available flows to large fields as much as possible rather than keeping a layer of water on single plot which (they consider) might create water logging problem. In some plots, the elevation of bunds is too high above the ground, and also has narrow spacing that ‘interrupt’ irrigation and farming operation. 
On the other hand, since the inflow water to the fields was not so large, in bund-less fields; farmers could easily manage the water (easily distributes and irrigate faster). 
 3.5 Crop Production

Currently, livestock-based crop production is the main farming system in the area. Wheat, Maize, Teff, Barley and Haricot beans are the principal rain-fed crops of the area. Yield samples of major crops were collected and analysed (Table 1). The result shows that there was a conclusive evidence of difference (P <0.001) between irrigated and non-irrigated maize yields, with average grain yields of 32.4 and 8.3 Qt/ha, respectively. There was a significant difference (P < 0.05) between yields of irrigated and non-irrigated wheat with the average yield of 13.0 and 4.5 Qt/ha, respectively. There was also significant difference (P < 0.05) between yields of irrigated and non-irrigated barley.   Generally, the yield from irrigated field was higher than that of non irrigated plots. 
Table 1 average yields of major crops from irrigated and non-irrigated field
	Crop type
	(1999/2000) Irrigated
	(1999/2000) Non-Irrigated
	(1998/99) 'Good year'

*
	(1997/98)

*

	Wheat
	13
	4.5
	20
	12

	Barley
	26.1
	7.1
	20
	12

	Maize
	32.4
	8.3
	12
	8

	Teff
	7.5
	3.4
	6
	5

	Haricot Bean
	15.3
	6.3
	4
	4


*Average crop yield in Amigna Debeso PA, obtained from Development Agents
However, some irrigated plots have given small yields. It is not clearly known why the yield from these plots is so low.  Improper cultural practice; like poor land preparation, poor farm water management and monoculture cropping system may contribute for low yield. Weed infestations (mainly due to monoculture) and outbreak of pests like termites (‘Masaki’), can kill young plants that reduce the plant population as well as the yield. Early moisture stress (late irrigation) 
[image: image3.emf]0

5

10

15

20

25

30

35

Wheat Barley Maize Teff Haricot

Bean

Crop type

Qt/ha

(1999/2000)Irrigated (1999/2000)Non-Irrigated


Figure 2 Yield comparison between 1999/2000 (Irrigated) & 1999/2000(Non-Irrigated)
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Figure 3 yield comparison between 1999/2000 (Irrigated) and 1998/99 (good year)
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Figure 4 Yield comparison between 1999/2000 (Irrigated) and 1997/98 
Current year crops yield from non-irrigated was low as compared to 1998/99 (previous good year) (Fig. 5). The lower crop yield in the area is mainly due to exceptional variability in amount and distribution of rainfall in the 1999/2000 growing season.   
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Figure 5 Yield comparison between 1998/99 (good year) & 1999/2000 (Non-Irrigated)
3.6 Organisation and management 

The operation and maintenance (O &M) of a network of canals requires strong and effective community organisation and participation. The viability of spate systems is often determined by the strength of the organisations involved in its O&M.

However, in Boru-Dodota, Water User’s Association (WUA) has not yet been established. Few small groups (Irrigation teams) were formed at tertiary canal (TC) level. These team leaders have tried to cooperate with OIDA experts and made tentative irrigation schedule, small maintenance and solved little conflicts among users.    
4. Main findings

4.1 Operation and Water Management
Equity in water distribution is appeared to be the main issue in this scheme. The problem could be attributed to uneven land holding among head and tail users. Lack of field canal net work in the command area coupled with less co-ordination among users and lack of water distribution rules was also contributing to the difficulties. 
On the other hand, lack of farmers’ irrigation experience and absence of information on water availability was also widely observed.

There is evidence that at least for some crops the yield produced from five or eight irrigations would be greater than two or four times the yield from a rain-fed (or non-irrigated) area once.
The production of fodder has also of paramount importance in this spate-irrigated area in order to support livestock.  Livestock provide traction for ploughing, threshing and are essential source of income. 
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Figure 5 Reserved areas for fodder production
Privately controlled abstraction of irrigation water from main canal (Fig 6) will not be a good implicit for future scheme water management. It might lead to conflicts as the situation would prevail along the main canal both on up stream and left side section. 
[image: image9.jpg]


                                 

              Figure 6.  Private water abstraction from main canal

Farmers have become ambitious for better benefits by changing the existing cropping pattern.  Most farmers consider growing cash crops on some part of their plots (e.g. Onion, Tomato or other vegetable crops). 
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Figure 7 Farmers' interview
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Figure 8 Testing cultivation of cash crop
4.2 Sedimentation

The fine sediments usually represent most of the annual sediment load and are transported in suspension along the drainage and through the canals to the fields, where they settle. Farmers welcome sediment deposition on the fields as it provides fertility and builds up deep soils with a good water-holding capacity. Spate schemes “grow” their own soils, enabling crops to be grown where the underlying soils are unsuitable for irrigation. 

The coarser sediment fractions that are diverted from catchments settle on the beds of the upstream reaches of weir/ or main canal (Fig 9) and division boxes (Fig 10), which will also rise over time unless the sediment deposits are removed by frequent de-silting.
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Figure 9  Intake siltation
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Figure 10 Silted up division box
4.3 Erosion and Water logging 
During the growing season, no significant erosion hazard was observed with in the irrigated plots. Some crop became stunted due to continuous irrigation (with three or more days continuous irrigation).  Continuous flood irrigation may also lead to a hard compact layer. 
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                                               Figure 11 Stunted Teff due to continuous irrigation
5. Conclusion

In irrigated area ___________ is the dominant soil type. Average FC and PWP are ___and ___ respectively. The yield sample of different crops both from irrigated and non irrigated fields were collected and analysed. The result indicated that the yield from irrigated plots is significantly higher than non-irrigated one. However, high yield variations were observed with in the irrigated fields.  Lack of strong community organisation, lack of irrigation experience poor cultural practice equity in water distribution is appeared to be the main problem in this scheme. 
6. Recommendation

Farmers’ Organisation and Management
Spate irrigation is very risk-prone and requires high levels of co-operation between farmers to divert and manage the distribution of flood flows. Unless there is strong farmers’ organisation and effective communication on water flow situation, the very large intermittent floods could cause serious damage on diversion and distribution structures. Enforcement of effective communication linkage on water availability is of paramount important. The role of the local government also becomes more important to facilitate support and research services, to mediate in disputes and oversee O&M. Therefore, for Boru-Dodota Spate irrigation scheme management the following farmers’ organisational structure is suggested. 





Figure 11 Farmers’ organisational structure and its links to Government institutions 
7. Areas of Research  

· On-farm water management (including depth of water applied, frequency and application time)
· Research on improving the yields of local and new spate-irrigated crop varieties. 
· Times of sowing 

· Plant density 

· Crop rotations 

· Fertiliser applications and weed and pest control

· Improving animal nutrition 
8. Training need for farmers and development agents
· Training of farmers and technical assistants on spate irrigation water management 

· Land preparation 

· Moisture conservation techniques 

· Soil erosion and soil conservation
Field water distribution strategies
The nature of spate irrigation means that farmers cannot follow a predetermined irrigation schedule where water quantities are applied to a crop when it is needed. Water distribution is regulated by prevailing water rights and water distribution rules and generally seems to follow a number of principles (Lawrence P and F .V. Steenbergen, 2005):

• Rapidly spreading the available flows, and preventing spate water rapidly   disappearing in low-lying areas.

• Dividing the floods in manageable quantities so as to avoid erosive flows and gully formation.

• Ensuring that large enough water volumes to irrigate the downstream areas are conveyed in the short time that spate flows are available. 
9. Water rights and water distribution rules

Water rights and water distribution rules in spate irrigation regulate access to water and hence minimise conflict. Water distribution rules make it easier to predict which land will be irrigated. As such they encourage land preparation by pre-flooding, which is important for adequate water storage and moisture conservation. It is desirable that any water distribution arrangements have a high level of flexibility to adjust to unforeseen circumstances.
10. Rules and Rights
There are several types of rules that regulate the distribution of the varying quantities of flood water. Not all rules apply in every system, but it is usual to find that several rules are used simultaneously.  Water distribution rules include:

• Demarcation of land entitled to irrigation

• Rules on breaking diversion bunds and canals
• Proportion of the flow going to different flood channels and fields

• Sequence in which the different fields along a flood channel are watered

• The depth of irrigation that each field is to receive

• Practices regarding second and third water turns

• Rules on small and big floods.

11. Hydrologic event monitoring facilities
· Rain gauge stations

· River gauges

· Flow measuring equipment ( Parshallflume )

Appendix table 1  Rainfall and irrigation events during crop season
	SN
	Type of crop
	Date of sowing
	Rainfall
	Irrigation

	1
	Wheat(Irrigated)
	14/11/99
	11,15 &16 June 1999

5 & 8  July 1999

24&27 August 1999

2,3&4 pagume 1999

2,3,4&5 September 2000 
	-21&22 July 1999

-3,4,18,19,24&25 August 1999

-13 September 2000

	2
	Wheat(non-Irrigated)
	11/11/99
	11,15 &16 June 1999

5 & 8  July 1999

24&27 August 1999

2,3&4 pagume 1999

2,3,4&5 September 2000 
	-



	3
	Barley(Irrigated)
	6/11/99
	11,15 &16 June 1999

5 & 8  July 1999

24&27 August 1999

2,3&4 pagume 1999

2,3,4&5 September 2000 
	-22 &23 July1999

-4,18,19 &22 August 1999

-14 &21September 2000

	4
	Barley(non-Irrigated)
	15/11/99
	11,15 &16 June 1999

5 & 8  July 1999

24&27 August 1999

2,3&4 pagume 1999

2,3,4&5 September 2000 
	-

	5
	Teff (Irrigated)
	6/12/99
	11,15 &16 June 1999

5 & 8  July 1999

24&27 August 1999

2,3&4 pagume 1999

2,3,4&5 September 2000 
	-8,19&24 August 1999

-14 &21September 2000



	6
	Teff (Non-Irrigated)
	2/12/99
	11,15 &16 June 1999

5 & 8  July 1999

24&27 August 1999

2,3&4 pagume 1999

2,3,4&5 September 2000 
	-


Appendix table 2 Infiltration Test of the Irrigated Area

Test two

Date: July 26, 2007
Coordinate   North = 910724

                       East = 535293
	      Soil moisture at depth
      0 - 40 cm =    ______

      Soil texture =_______
   
	Soil moisture at depth
      0 - 40 cm =______

      Soil texture =_______

	Soil moisture at depth
      0 - 40 cm =______

      Soil texture =_______


	Cylinder infiltrometer

No 2.1
	
	Cylinder infiltrometer

No2. 2
	
	Cylinder infiltrometer

No2.3                       

	Time
	Intake
	Time
	Intake
	Time
	Intake

	Clock
	Cum.

(min.)
	Gage

(mm)
	Cum.

(mm)
	Clock
	Cum.

(min.)
	Gage

(mm)
	Cum.

(mm)
	Clock
	Cum.

(min.)
	Gage

(mm)
	Cum.

(mm)

	9:01
	0
	
	
	10:12
	  0
	
	
	10:16
	0
	
	

	 9:06
	5
	13.00
	  13.00
	10:14
	  4
	55.00
	55.00
	10:26
	10
	38.00
	38.00

	9:11
	10
	3.00
	 16.00
	10:19
	  9
	40.00
	95.00
	10:29
	13
	2
	40.00

	9:21
	25
	9.00
	 25.00
	10:30
	  19
	35.00
	130.00
	10:39
	23
	7
	47.00

	9:31
	35
	10.00
	35.00
	10:40
	  29
	29.00
	159.00
	11:09
	53
	27
	74.00

	9:41
	45
	10.00
	45.00
	11:10
	   69
	58.00
	217.00
	11:39
	83
	25.0
	99.00

	9:51
	55
	7.00
	52.00
	11:40
	    99
	42.00
	259.00
	12:10
	113
	22.00
	121.00

	10:11
	75
	13.00
	65.00
	12:10
	   129
	27.00
	287.00
	12:40
	143
	23.00
	144.00

	10:31
	 95
	13.00
	78.00
	12:40
	   159
	26.00
	312.00
	1:13
	176
	22.00
	166.0

	11:01
	125
	15.00
	93.00
	1:10
	  189
	22.00
	334.00
	1:43
	206
	20.00
	186.00

	11:31
	155
	23.00
	116.00
	1:40
	  219
	20.00
	354.00
	2:13
	236
	18.00
	204.00

	12:01
	185
	15.00
	131.00
	2:10
	  249
	19.00
	373.00
	2:43
	266
	16.00
	220.00

	12:31
	215 
	20.00
	151.00
	2:40
	  279
	19.00
	392.00
	3:13
	296
	16.00
	236.00

	1:01
	245
	15.00
	166.00
	3:10
	309
	19.00
	422.00
	3:43
	326
	16.00
	252.00

	1:31
	275
	15.00
	182.00
	3:40
	339
	19.00
	452.00
	4:13
	356
	16.00
	268.00


The average infiltration rate is = (15+19+16)/3 = 16.67mm/ 0.5hr  

                                                        33.33mm/hr
Intake family = 2.0 hence a =2.753, b = 0.808, c = 7.0, f = 10.65, g = 7.451*10-4
Appendix table 3 Yield component of irrigated and non-irrigated fields
	S.N
	 Farmer Name
	Crop/Varaiety
	sowing Date
	Irrigated 
	Non-Irrigated 
	Sample Area in m2
	grain(Kg)
	Yield (Qt/ha)
	Local Name

	1
	Taso Roba
	Wheat(Paven)
	8/11/1999
	
	
	597
	104
	17.4
	Gengo

	2
	Tufa Jiru
	Wheat (Kubsa)
	15/11/1999
	
	
	3200
	200
	6.3
	Dodota

	3
	Abera Roba
	Wheat(Paven)
	7/11/1999
	
	
	3200
	80
	2.5
	Dodota

	4
	Abera Roba
	Wheat(Hawi)
	4/11/1999
	
	
	9600
	300
	3.1
	Dodota

	5
	Degafa Roba
	Wheat (Kubsa)
	14/11/1999
	
	
	
	
	20
	Dodota

	6
	Midhakso Bajiga
	Wheat (Batu)
	
	
	
	1600
	150
	9.4
	Dodota

	7
	Zerihun Borena
	Wheat(Hawi)
	
	
	
	2500
	800
	32.0
	Bika

	8
	Negash Roba
	
	
	
	
	4800
	625
	13.0
	Dodota

	
	average
	Wheat 
	
	
	
	
	
	13.0
	

	9
	Taso Roba
	Wheat(Paven)
	7/11/1999
	
	
	4800
	125
	2.6
	Gengo

	10
	Tufa Jiru
	Wheat (Kubsa)
	15/11/1999
	
	
	4800
	100
	2.1
	Dodota

	11
	Mengistu Negash
	Wheat (Batu)
	8/11/1999
	
	
	2400
	50
	2.1
	Gengo

	12
	Bedada Wakeyo
	Wheat(Paven)
	
	
	
	1122
	100
	8.9
	Gengo

	13
	Zerihun Borena
	Wheat(Hawi)
	14/11/1999
	
	
	3200
	100
	3.1
	Bika

	14
	Tufa Jiru
	Wheat (Kubsa)
	11/11/1999
	
	
	
	
	8
	Dodota

	
	average
	Wheat 
	
	
	
	
	
	4.5
	

	15
	Taso Roba
	Barley (local)
	10/11/1999
	
	
	300
	100
	33.3
	Gengo

	16
	Argo Abdo
	Barley (local)
	17/11/1999
	
	
	662
	100
	15.1
	Gengo

	17
	Tufa Jiru
	Barley (Local)
	6/11/1999
	
	
	5
	1.5
	30.0
	Dodota

	
	average
	Barley 
	
	
	
	
	
	26.1
	

	18
	Alemu Negash
	Barley (local)
	10/11/1999
	
	
	533
	30
	5.6
	Gengo

	19
	Lema Negash
	Barley (local)
	12/11/1999
	
	
	1600
	70
	4.4
	Dodota

	20
	Janbo Dori
	Barly (Local)
	15/11/1999
	
	
	5
	0.35
	7.0
	Dodota

	21
	Zerihun Borena
	Barley (MOA)
	15/11/1999
	
	
	3750
	360
	9.6
	Bika

	22
	Demisu Bosie
	Barley (Local)
	6/12/1999
	
	
	800
	70
	8.8
	

	
	average
	
	
	
	
	
	
	7.1
	

	23
	Tufa Jiru
	Maize (Local-Katumani)
	
	
	5
	1.25
	25.0
	Dodota

	24
	Abdala Dadafe
	Maize (Gibe)
	23/9/99
	
	
	5
	1.6
	32.0
	Bika

	25
	Teshome Kasa
	Maize (Gibe)
	20/9/99
	
	
	5
	1.75
	35.0
	Bika

	26
	Midekso Aboye
	Maize (Gibe)
	14/9/99
	
	
	5
	2
	40.0
	Bika

	27
	Demisu Dinku
	Maize (Gibe)
	10/9/1999
	
	
	5
	1.5
	30.0
	Bika

	
	average
	
	
	
	
	
	
	32.4
	

	28
	Haji Dadafe
	Maize (Gibe)
	15/10/99
	
	
	5
	0.37
	7.4
	Bika

	29
	Zerihun Borena
	Maize (Gibe)
	13/11/99
	
	
	5
	0.37
	7.4
	Bika

	30
	Tola Uttuyu
	
	
	
	
	5
	0.5
	10.0
	Bika

	31
	Bedo Irko
	Maize (Gibe)
	
	
	
	5
	0.425
	8.5
	Bika

	
	average
	
	
	
	
	
	
	8.3
	

	32
	Yate'u Tola
	Teff (Local)
	6/12/1999
	
	
	5
	0.375
	7.5
	Bika

	33
	Jaglu Shumi
	Teff (Local)
	5/12/1999
	
	
	5
	0.125
	2.5
	Bika

	34
	Geletu Magra
	Teff (Local)
	12/11/1999
	
	
	1600
	70
	4.4
	Gengo

	
	average
	
	
	
	
	
	
	3.4
	

	35
	Tufa Jiru
	Haricot Bean(Local)
	
	
	800
	170
	21.3
	Dodota

	36
	Kebede Tadesse 
	Haricot Bean()
	
	
	
	1600
	150
	9.4
	Dodota

	
	average
	
	
	
	
	
	
	15.3
	

	37
	Bedada Wakeyo
	Haricot Bean(Local)
	
	
	3200
	200
	6.3
	Gengo

	38
	Zerihun Borena
	H.Bean(A.Melka)
	1/11/1999
	
	
	3200
	200
	6.3
	Bika

	
	average
	
	
	
	
	
	
	6.3
	

	39
	Tufa Jiru
	Pea(Local)
	 
	
	 
	800
	100
	12.5
	Dodota


 Appendix table 3 -Test: Two-Sample Assuming Unequal Variances for wheat yield

	 
	Wheat irrigated
	Wheat non-irrigated

	Mean
	12.96141
	4.468081551

	Variance
	99.42822
	9.776156916

	Observations
	8
	6

	Hypothesized Mean Difference
	0
	

	df
	9
	

	t Stat
	2.265259
	

	P (T<=t) one-tail
	0.024874
	

	t Critical one-tail
	1.833113
	

	P(T<=t) two-tail
	0.049747
	

	t Critical two-tail
	2.262157
	 


Appendix table 4  t-test: Two-Sample Assuming Unequal Variances for Barley Yield
	 
	Barley Irrigated
	Barley Non-irrigated

	Mean
	26.14635784
	7.070703565

	Variance
	94.19920646
	4.642273347

	Observations
	3
	5

	Hypothesized Mean Difference
	0
	

	df
	2
	

	t Stat
	3.354970816
	

	P(T<=t) one-tail
	0.039260654
	

	t Critical one-tail
	2.91998558
	

	P(T<=t) two-tail
	0.078521308
	

	t Critical two-tail
	4.30265273
	 


Appendix table 5 t-Test: Two-Sample Assuming Unequal Variances for Maize Yield

	 
	Maize Irrigated
	Maize Non-irrigated

	Mean
	32.4
	8.325

	Variance
	31.3
	1.515833333

	Observations
	5
	4

	Hypothesized Mean Difference
	0
	

	df
	4
	

	t Stat
	9.343645
	

	P(T<=t) one-tail
	0.000365
	

	t Critical one-tail
	2.131847
	

	P(T<=t) two-tail
	0.000731
	

	t Critical two-tail
	2.776445
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